We present a systematic study of line widths in the [O III]λ5007 and Hα lines for a sample of 86 planetary nebulae in the Milky Way bulge based upon spectroscopy obtained at the Observatorio Astronómico Nacional in the Sierra San Pedro Mártir (OAN-SPM) using the Manchester Echelle Spectrograph. The planetary nebulae were selected with the intention of simulating samples of bright extragalactic planetary nebulae. We separate the planetary nebulae into two samples containing cooler and hotter central stars, defined by the absence or presence, respectively, of the He II λ6560 line in the Hα spectra. This division separates samples of younger and more evolved planetary nebulae. The sample of planetary nebulae with hotter central stars has systematically larger line widths, larger radii, lower electron densities, and lower Hβ luminosities. The distributions of these parameters in the two samples all differ at significance levels exceeding 99%. These differences are all in agreement with the expectations from hydrodynamical models, but for the first time confirmed for a homogeneous and statistically significant sample of galactic planetary nebulae. We interpret these differences as evidence for the acceleration of the nebular shells during the early evolution of these intrinsically bright planetary nebulae. As is the case for planetary nebulae in the Magellanic Clouds, the acceleration of the nebular shells appears to be the direct result of the evolution of the central stars.
Introduction
The interacting stellar winds model of Kwok et al. (1978) provides a general framework for understanding planetary nebulae. Within this frame- 1 The observations reported herein were obtained at the Observatorio Astronómico Nacional in the Sierra San Pedro Mártir (OAN-SPM), B. C., Mexico.
work, a variety of theoretical and numerical studies of the hydrodynamics have been undertaken to understand and predict the kinematic properties of planetary nebulae. Our modern view of the kinematics of planetary nebulae was established in the early 1990's (e.g., Kahn & West 1985; Mellema 1994) . These studies showed that the AGB envelope is accelerated in two phases. The first phase is a result of the shock wave initiated by the ionization front that sweeps through the AGB envelope as the central star's temperature increases. Then, as the central star's wind energy increases, it drives a pressure-driven central bubble that accelerates the AGB envelope through ram pressure. More recent numerical work that attempts to include more realistic AGB evolution confirms these basic results (e.g., Villaver et al. 2002; Perinotto et al. 2004) . Eventually, the central star's wind ceases and the inner part of the AGB envelope backfills towards the central star while the outer part maintains its momentumdriven evolution (e.g., García-Segura et al. 2006 ).
These models have been used extensively to interpret observational studies of the kinematics of many individual planetary nebulae. Unfortunately, to date, systematic, homogeneous studies of planetary nebula populations to compare with these theoretical efforts are scarce. Heap (1993) found a correlation between nebular expansion velocity and the terminal velocity of the central star wind. More recently, Medina et al. (2006) claimed a correlation between expansion velocity and age indicators such as density and central star temperature. However, both of these studies suffer from heterogeneity, at least regarding object selection. Even regarding planetary nebulae with WolfRayet (WR) central stars, the precise role that the winds from the central stars play in the kinematics of the nebular shells is not entirely clear Medina et al. 2006) .
The studies of the kinematics of planetary nebulae in the Magellanic Clouds are perhaps the most systematic (Dopita et al. 1985 (Dopita et al. , 1988 . These studies find correlations between expansion velocity, excitation class, and nebular density, suggesting that the properties of the central star dominate the nebular evolution. As they point out, however, their results are not general since they have been found only for a particular population of (bright) planetary nebulae.
Therefore, there remains a need for a coherent population study in a different galactic environment. Here, we present a study of the kinematics for a large sample of planetary nebulae in the bulge of the Milky Way (Bulge). These objects were selected in a homogeneous way, with the hope of simulating populations of bright extragalactic planetary nebulae in bulge-like systems (bulges of spiral galaxies, dwarf spheroidals, and elliptical galaxies). The observations were all made with the same instrument and methodology. Likewise, the data reduction and analysis is homogeneous and entirely independent of model parameters. Details are given in Section 2. We find that the expansion properties do indeed depend upon the evolutionary stage of the central star, with planetary nebulae hosting hotter central stars having larger expansion velocities (Section 3). We also find that other parameters that should depend upon age, the nebular size, density, and Hβ luminosity, also differ significantly between the two groups (Section 4). We compare these properties with theoretical models and find generally good agreement (Section 5). We present our conclusions in Section 6.
Observations and Analysis

The Planetary Nebula Sample
We present the sample of Bulge planetary nebulae that we observed in Table 1 . There are 86 objects in total, drawn from existing spectroscopic surveys (Aller & Keyes 1987; Webster 1988; Cuisinier et al. 1996; Ratag et al. 1997; Cuisinier et al. 2000; Escudero & Costa 2001; Escudero et al. 2004; Exter et al. 2004; Górny et al. 2004) .
We selected this sample hoping to simulate a sample of bright extragalactic planetary nebulae in bulge-like systems. Our selection criteria were refined somewhat over the duration of the observations, but eventually converged to (i) a position within 10
• of the galactic centre, (ii) a large observed, reddening-corrected Hβ flux, nominally log I(Hβ) > −12.0 dex, (iii) a large [O III]λ5007/Hβ ratio, usually exceeding a value of 6, and (iv) the existence of low resolution spectroscopy in which the electron temperature may be determined from the [O III]λ4363/5007 ratio. Usually, the systemic radial velocity exceeds 30 km/s in an attempt to exclude disk objects towards the Bulge. We imposed no explicit limit on the size of the objects. Nor did we impose an upper limit upon the flux (Hβ or 6 cm). In practice, however, a flux limit is usually imposed by the surveys from which we selected our objects. Figure 1 
Observations and Data Reductions
We acquired our observations during eight observing runs spanning the period from 2003 June to 2007 August at the Observatorio Astronómico Nacional in the Sierra San Pedro Mártir, Baja California, Mexico (OAN-SPM). More details of the observations will be provided in a forthcoming paper.
High resolution spectra were obtained with the Manchester echelle spectrometer (MES-SPM; Meaburn et al. 1984 Meaburn et al. , 2003 . The MES-SPM is a long slit, echelle spectrometer that has no crossdispersion. Instead, narrow-band filters were used to isolate orders 87 and 114 containing the Hα and [O III]λ5007 emission lines, respectively. A 150 µm wide slit was used for the observations, resulting in a slit 1.
′′ 9 wide on the sky. Coupled with a SITe 1024 × 1024 CCD with 24 µm pixels binned 2 × 2, the resulting spectral resolutions were approximately 0.077Å/pix and 0.100Å/pix at [O III]λ5007 and Hα, respectively (equivalent to 11 km/s for 2.6 pix FWHM). The spectra were calibrated using exposures of a ThAr lamp taken immediately before or after every object exposure. The internal precision of the arc lamp calibrations is better than ±1.0 km/s.
Usually, only one deep spectrum was obtained in each of the [O III]λ5007 and Hα filters. The exposure times varied depending upon the brightness of the object. At most, the exposure times were of 30 minutes duration. If this was expected to produce saturation, shorter exposure times were used. The exposure time for the Hα spectrum was chosen to achieve a signal level similar to that in the deep [O III]λ5007 spectrum, based upon the intensities of these lines observed in the low resolution spectra, but was also limited to a maximum of 30 minutes duration.
All of the planetary nebulae observed are resolved (see Table 1 ). In all cases, the slit was centered on the object. Usually, the slit was oriented in the north-south direction.
The spectra were reduced using the twodspec and specred packages of the Image Reduction and Analysis Facility 2 (IRAF). The procedure for data reduction followed that outlined in Massey et al. (1992, Appendix B) for long slit spectroscopy. The object spectra were edited of cosmic rays. Then, a nightly mean bias image was subtracted from each object spectrum. Next, the arc lamp spectra were used to map positions of constant wavelength. These maps were then used to rectify the object spectra so that lines of constant wavelength fell exactly along the columns, a process that simultaneously applies a wavelength calibration. Finally, wavelength-calibrated, one-dimensional spectra were extracted for each object. No flux calibration was performed.
Kinematic parameters
We shall present all of the one-dimensional line profiles in a subsequent publication. For that reason, we do not present the line profiles here. Instead, we turn to an explanation of the analysis of the kinematics.
The one-dimensional spectra were analyzed using a locally-implemented software package (IN-TENS; McCall et al 1985) to determine the radial velocity, flux, and profile width (FWHM; full width at half maximum intensity) as well as the uncertainties in these parameters. This software fits the emission line profile with a sampled gaussian function and models the continuum as a straight line. Thus, this analysis assumes that the lines have a gaussian shape and that they are superposed on a flat continuum. In the case of the Hα line, the He II λ6560 line may also be present. In this case, a fit is made simultaneously to both lines and the continuum.
While the assumption of a gaussian line shape is reasonable for bright extragalactic planetary nebulae, because they are spatially unresolved, it might seem odd for spatially-resolved objects. Nonetheless, for the large majority of the objects, the one-dimensional line profiles are usually not double-peaked and the deviations from a gaussian shape usually represent less than 10% of the total flux (see Fig. 2 for an example; Richer et al. 2009) . Table 1 presents the observed line widths (FWHM) and their uncertainties for each object in both Hα and [O III]λ5007. The uncertainties in the line widths are the formal uncertainties (one sigma) from fitting a sampled gaussian function to the line profile. In order to derive the intrinsic line widths, the observed line widths must be corrected for several effects, all of which are assumed to contribute to the observed line width in quadrature. The effects that broaden the true, intrinsic profile are instrumental (σ inst ), thermal (σ th ), and fine structure (σ f s ) broadening,
( 1) The first term, σ 2 true , is the true, intrinsic line width resulting from the kinematics of the planetary nebula. The instrumental profile has a measured FWHM of 2.5-2.7 pixels. We adopt a FWHM of 2.6 pixels for all objects, which amounts to about 11 km/s (FWHM). We compute the thermal broadening from the usual formula (Lang 1980, eq. 2-243) The interpretation of the resulting line width, ∆V ,
is not necessarily simple. In the case of an expanding, spherical shell that is spatially-unresolved, the line width corresponds to the expansion velocity. If the velocity field or matter distribution is more complicated or if the object is resolved spatially, then the line width is a luminosity-weighted velocity width for the mass projected within the spectrograph slit.
The velocity width that we measure should typically exceed the luminosity-weighted line width for the entire object. The spectrograph slit was centered on each object and all of the objects are wider than the slit (Table 1) . Therefore, matter near the edges of the objects is excluded and this matter is likely to have the lowest projected velocity along the line of sight. Since the matter at the edges of the objects would contribute low systematic velocities for each object, the line profile we measure for the matter included within the slit will be slightly larger than the true mass-weighted line width. These arguments are supported by the results presented by Gesicki & Zijlstra (2000) and Rozas et al. (2007) . Their simulations of thin, expanding, spherical shells indicate that the line widths we measure may over-estimate the integrated line widths for the entire objects by up to approximately 15%, but that the exact amount will depend upon the fraction of the object covered by the slit.
Fortunately, the discussion that follows does not depend upon any interpretation of the line width. Since it is clear, however, that this line width will be similar to twice the expansion velocity, Table 1 presents half of the line width in velocity units for each object, i.e., ∆V 0.5 = 0.5∆V = 1.1778σ true .
Nebular Kinematics versus the Evolutionary State of the Central Star
For about half of the objects in our sample, the He II λ6560 line is present in the Hα spectra. Fig.  2 presents M 2-16 as an example. In practice, we can detect He II λ6560 provided its intensity is at least 0.4% that of Hα and a signal-to-noise of at least 50 is achieved for the Hα line. For comparison with theoretical models, this limit is predicted to occur for an effective temperature of about 9 × 10 4 K according to the hydrodynamical models presented in Schönberner et al. (2007) , if we use the the atomic data for hydrogen and helium in Osterbrock (1989) . Table 1 indicates the objects for which the He II λ6560 line was observed in our Hα spectra.
Obviously, the objects in which the He II λ6560
line appears are those with the hotter central stars. Therefore, we may separate our sample into two samples with cooler and hotter central stars according to whether the He II λ6560 line is observed. Given our selection criteria, this separation into samples with cooler and hotter central stars is equivalent to a separation into samples in different stages of evolution. The planetary nebulae with the hotter central stars are in a more advanced stage of evolution than those with the cooler central stars. A variety of statistical tests may be applied to these distributions to determine whether it is probable that they may result from a single parent distribution. Since we do not know a priori the form of the distribution that the line widths should have, non-parametric statistical tests are most appropriate. Perhaps, the best-known of these tests is the Kolmogorov-Smirnov two-sample test to the cumulative distribution functions of the line widths. However, a more powerful nonparametric test is the Wilcoxon-Mann-Whitney Utest (e.g., Wall & Jenkins 2003, §5.4.3) . This is a rank test in which the line widths from the two samples are combined into a single sample and ranked. Then, the rankings of the line widths for the two samples are compared with a uniform distribution of rankings.
The U-test indicates that the probability of drawing the two samples of line widths from the same parent distribution is only 1.3 × 10 −7 . The nebular shells surrounding hotter central stars are expanding systematically more rapidly than their counterparts surrounding cooler central stars. Since all of these hotter central stars were necessarily cooler in the past, the simplest conclusion is that the nebular shells in bright planetary nebulae are accelerated as the star gets hotter.
Other Properties versus the Evolutionary State of the Central Star
Considering that the nebular shells of bright planetary nebulae are accelerated as the central star gets hotter, one might expect other properties of the two samples of planetary nebulae to differ. Essentially, characteristics that vary systematically with the age or evolutionary stage of the planetary nebula should differ between the two samples.
The most obvious characteristic to consider is the nebular size. The cooler central stars should be found in younger planetary nebulae that have had less time to expand, and should be systematically smaller than those surrounding the hotter central stars. There are no systematic measurements of the diameters of the planetary nebulae in our sample, so we measured nebular diameters from our deep Hα spectra. To determine the diameters, we collapsed the spectra along the wavelength axis to produce one-dimensional spatial profiles. We then measured the nebular sizes at 50% and 10% of the peak intensity. These diameters are found in Table 1 .
The distributions of diameters at 10% of the peak flux are shown in Fig. 4 . Again, it is clear that the sample with the hotter central stars has a distribution of diameters that tends to larger sizes than the sample of planetary nebulae with the cooler central stars. Applying the U-test, we obtain a probability of only 7 × 10 −4 that the two samples arise from a single parent population. Hence, the nebulae surrounding the hotter central stars are larger than those surrounding the cooler, less evolved, central stars.
Conceivably, the larger sizes of the nebulae around hotter central stars might artificially bias their line widths to larger values because the fixed spectrograph slit covers a smaller fraction of these larger nebulae. As shown by Gesicki & Zijlstra (2000) and Rozas et al. (2007) , this might cause the line widths for larger nebulae to be overestimated. To test whether this is the case, we estimated how much the line widths could be overestimated based upon the results presented in Table 1 of Gesicki & Zijlstra (2000) . We then divided the line widths of all objects in Table 1 (∆V 0.5 ) by this correction and re-calculated the probability that the two samples arise from a sin-gle parent population. The probability increases, but to only 2.5×10 −7 (considering the [O III]λ5007 line widths), so the conclusion that the two distributions are statistically very different is not affected.
The nebular density is also expected to evolve, decreasing as the nebular volume increases. Table  1 lists the electron densities determined from the [S II]λλ6716,6731 ratio as measured in low resolution spectroscopy from the literature. When there was more than one measurement, the measurements were averaged. The distributions of nebular density in the two samples are shown in Fig.  5 . In this case, the difference is more subtle, but the planetary nebulae with the hotter central stars tend to have lower densities. Applying the U-test, we find a probability of 8 × 10 −3 that the two samples arise from the same parent population. Therefore, the planetary nebulae with hotter central stars have systematically lower electron densities.
Finally, we compare the Hβ luminosities of the two samples. We expect all of the planetary nebulae without He IIλ6560 emission to contain central stars on the horizontal portion of their evolutionary tracks. It is unlikely that any of these objects contain central stars that are fading towards the white dwarf regime since virtually all of the central stars should be sufficiently massive to achieve temperatures in excess of 10 5 K before fading, by which time emission from He 2+ ions should be evident. On the other hand, the sample of planetary nebulae with hotter central stars should contain objects whose central stars are fading towards the white dwarf regime. Therefore, we would expect that the Hβ luminosities of the two samples could differ, with the sample with the cooler central stars having higher luminosities.
The Hβ luminosities for the Bulge planetary nebulae in Table 1 and Fig. 1 are not very accurate for a variety of reasons. First, the observed Hβ fluxes are usually those measured through a spectrograph slit and not from photometry. Likely, the Hβ fluxes are underestimated for many Bulge planetary nebulae. Second, these fluxes must be corrected for reddening. The reddening may include instrumental or observational effects, such as differential atmospheric refraction, and so may over-estimate the true reddening. These reddenings have been used to correct the Hβ fluxes for extinction. Third, the individual distances for the planetary nebulae are unknown. To compute the Hβ luminosities in Table 1 , we adopted a common distance of 7.5 kpc. In all likelihood, the mean distance for the sample will be less than this and it is probably this assumption that leads to larger Hβ luminosities than are observed in extragalactic planetary nebulae. Fig. 6 presents histograms of the Hβ luminosity distributions for the two samples, divided according to the presence or absence of He IIλ6560 emission. The Hβ luminosities are taken from Table 1. Clearly, the distribution for the sample with the cooler central stars extends to higher Hβ luminosities. The mean luminosities for the two samples differ by 0.36 dex, or 0.90 mag. The U-test indicates that the probability that two distributions arise from the same parent population is only 2.2 × 10 −4 . Therefore, the planetary nebulae with the cooler central stars are brighter, on average, than those with the hotter central stars.
Summarizing our results, we find significant differences between our samples of planetary nebulae with cooler and hotter central stars. The planetary nebulae with cooler central stars have smaller line widths, smaller sizes, higher densities, and higher Hβ luminosities. The differences are all significant at confidence levels exceeding 99% (Table  2) .
Discussion
At present, the theory of the evolution of planetary nebulae outlined earlier is unable to predict definitive expansion velocities for planetary nebulae or the AGB stars from which they arise. Observations of AGB stars find that their winds usually have an expansion velocity below 15 km/s and often below 10 km/s (e.g., Ramstedt et al. 2006; Lewis 1991) . Observations of planetary nebulae typically find expansion velocities of 15-30 km/s (e.g., Gesicki & Zijlstra 2000; Medina et al. 2006) . At least qualitatively, theory may explain the difference: The ionization front drives a shock wave through the AGB envelope, raising the expansion velocity by ∼ 5 − 6 km/s over that of the AGB envelope (Chevalier 1997; Perinotto et al. 2004) . Then, the pressure-driven bubble expands into the the AGB envelope, sweeping up a dense, inner rim of matter that may increase the ex-pansion velocity significantly, particularly if this rim is able to overtake the density enhancement produced by the shock wave.
The median line width in [O III]λ5007 (Hα) for our sample of Bulge planetary nebulae with cooler central stars is 17.2 km/s (15.4 km/s) and the standard deviation of the distribution is 5.1 km/s (4.0 km/s). Since we expect our line widths to be slightly larger than the expansion velocity, the median line width for the sample with the cooler central stars is approximately that expected if the AGB envelopes had expansion velocities of about 10 km/s, as observations suggest commonly occurs (Ramstedt et al. 2006) . It is therefore natural to associate these planetary nebulae with models during the stage in which the ionization front is driving a shock wave through the AGB envelopes.
The median line width in [O III]λ5007 (Hα) for the sample of Bulge planetary nebulae with the hotter central stars is substantially higher, 23.7 km/s (24.3 km/s), as is the dispersion in velocities, 7.6 km/s (7.1 km/s). In the models, by the time that the central star has a temperature of 9 × 10 4 K, the stellar wind-powered bubble is expanding into the ionized AGB envelope and raising the observed expansion velocities. Thus, our sample of planetary nebulae with hotter central stars is naturally associated with this second stage of envelope acceleration (Villaver et al. 2002; Perinotto et al. 2004) .
It is more difficult to compare the differences in size that we find for our two samples with existing theoretical models. In part, this has to do with how we have determined our nebular sizes. The main problem is the mismatch in spatial resolution between our observations and one-dimensional theoretical profiles. Our observations generally include a substantial fraction of the object, while one-dimensional theoretical profiles have infinite spatial resolution. In spite of this difficulty, the available theoretical profiles indicate that the outermost dense/bright regions increase in size as time progresses (Mellema 1994; Villaver et al. 2002; Perinotto et al. 2004) , even though the size of the brightest structure may not increase monotonically with time (Villaver et al. 2002) .
Theoretical models indicate that the entire AGB envelopes should become ionized relatively early for the stellar masses of relevance here , Mellema 1994; Villaver et al. 2002; Perinotto et al. 2004) . They are also expected to remain entirely ionized. Once the envelope is entirely ionized, its Hβ luminosity will decrease with time as a result of dilution (e.g., Osterbrock 1989) . As a result, that we find lower Hβ luminosities for the sample of objects that is more evolved is entirely compatible with theoretical expectations.
Likewise, theoretical models are compatible with our findings concerning the electron density. Theoretical models indicate that the densities are higher while the expansion velocities are dominated by the ionization front than later on when the pressure-driven bubble dominates. However, this agreement is bitter-sweet. We use densities derived from [S II] lines. In principle, these lines from the recombination zone should not exist in the objects with the hotter central stars, since these objects are predicted to have completely ionized their AGB envelopes. In practice, this emission no doubt arises in density enhancements that are absent from the models, and so the [S II] densities are likely an upper limit to the typical densities in these objects. Nonetheless, the models predict a general dilution of the entire AGB envelope and this dilution is probably what gives rise to the decay in [S II] densities that we observe.
It is not unusual that the line width distributions overlap for our samples of planetary nebulae with cooler and hotter central stars. As the theoretical models make very clear, the expansion velocity depends upon the AGB envelope expansion velocity and the mass loss rate at the end of the AGB evolution. Undoubtedly, these properties varied among the stellar progenitors of the planetary nebulae in both samples. Furthermore, even if they did not, the planetary nebulae in both samples are found in a range of evolutionary states, particularly for the sample with the hotter central stars. Consequently, the line widths we observe will have varying contributions from the accelerations due to the shock front and the pressuredriven bubble. Unless the objects are all spherical (unlikely), the different orientations will also broaden the line width distributions.
It is also not unusual that the distributions of line widths differ more than do those for the nebular diameters, densities, and luminosities. The structure that appears brightest varies with time (Villaver et al. 2002; Perinotto et al. 2004 ), depending upon the development of the density enhancements due to the ionization front or the swept-up inner rim. It is therefore not surprising that there is less difference between the distributions of densities and diameters than there is between the distributions of line widths. Likewise, since the Hβ luminosity will depend upon how much mass is swept up by the AGB envelope (Villaver et al. 2002) , and that this may vary significantly from one object to the next depending upon location, the Hβ luminosities may be somewhat scattered.
Our findings confirm those of Heap (1993) and Medina et al. (2006) , who found correlations between the nebular kinematics and the evolutionary state of the central star. Our findings, however, are based upon a sample of planetary nebulae that is larger, more homogeneous, and whose analysis is entirely independent of models. It is perhaps not surprising that our results demonstrate much more clearly the intimate relationship between the central star's evolution and the kinematics of the nebular shell.
Perhaps, the most relevant studies for comparison are those of Dopita et al. (1985 Dopita et al. ( , 1988 for planetary nebulae in the Magellanic Clouds. They found that the nebular expansion velocity depends upon the excitation class and Hβ luminosity of the nebula. Both the excitation class and the Hβ luminosity are functions of the evolutionary stage of both the central star and nebular shell. In other words, the kinematics of planetary nebulae in the Magellanic Clouds require a coordination between the evolutionary states of the central star and the nebular shell. Our results clearly demand the same sort of coordination between the evolution of the central star and the surrounding nebular shell.
The exact relationship between the central star and the nebular kinematics need not be conserved between the Magellanic Clouds and the Bulge. Indeed, it is difficult to compare the results directly as many complications may arise. Ideally, the nebular kinematics should be related to the properties of the central star in both environments (temperature, wind velocity, mass loss rate). However, for most of the objects in both the Bulge and the Magellanic Clouds, observations of the central star's wind are unavailable. Excitation classes or line ratios provide indirect temperature diagnostics, but these will usually depend upon the chemical composition of the nebula and are also susceptible to systematic biases if there are differences in the distributions of the central star masses or AGB wind properties.
Our findings, like those of Gesicki et al. (2006) , do not support the claim that the nebular shells surrounding WR central stars have larger expansion velocities (Medina et al. 2006) . We made no special attempt to include planetary nebulae with WR central stars in our sample, so it includes only eight examples (see Table 1 ). Of these, five of the central stars are cool and three are hot enough to produce He II emission. With such small numbers, the statistics are clearly not conclusive. While the cooler WR central stars are found in nebulae with a higher mean velocity than the rest of the planetary nebulae with cool central stars, the hotter WR central stars are found in nebulae with the same line widths as the rest of the sample of hotter central stars. Perhaps, WR central stars are able to initiate the wind-driven phase of nebular acceleration earlier, but they may not necessarily afford greater acceleration in the long run. The planetary nebulae with normal central stars in our sample span a larger range in line width than do the expansion velocities observed in nebulae surrounding WR central stars by Medina et al. (2006) . Resolving this issue will require a more careful, dedicated study. Therefore, our observations of bright planetary nebulae in the Milky Way bulge confirm the kinematics predicted by theoretical models. It is notable that observations not only recover the sequence of nebular acceleration that is predicted, but also the coincidence of these stages with particular properties of the central stars. The details of the models differ considerably in parameters that are difficult to both observe and model, such as the structures within the AGB envelopes or the transition time between the AGB and planetary nebula stages.
Conclusions
We have obtained kinematic data for a large sample of planetary nebulae in the Milky Way bulge, selected with the goal of simulating samples of bright extragalactic planetary nebulae in bulge-like environments. For most of the sample, our criteria also included a reddening-corrected Hβ flux exceeding log F (Hβ) > −12.0 dex and [O III]λ5007/Hβ > 6, in addition to the usual criterion of projected proximity to the Galactic center. We measure line widths for Hα and [O III]λ5007. Our sample is the largest that has been selected and observed in a homogeneous way. We have also analyzed it in a completely modelindependent manner.
For half of the sample, the He IIλ6560 line is observed in the Hα spectra. Since this line appears only for hotter central stars, it allows us to divide our sample according to the evolutionary stage of the central star, with the more evolved objects found in the subsample containing the hotter central stars. The kinematics of the two samples are significantly different, with the sample containing the hotter central stars expanding faster. We also compare the diameters, electron densities (from [S II]λλ6716, 6731), and Hβ luminosities for the two subsamples. In all cases, there are statistically significant differences. The planetary nebulae hosting the hotter central stars are larger, less dense, and less luminous than their counterparts with cooler central stars. All of these differences exceed a statistical significance of 99%. Also, all of these differences are compatible with the results of hydrodynamical models (e.g., Mellema 1994; Villaver et al. 2002; Perinotto et al. 2004) .
Our primary conclusion is that we have clearly observed the acceleration of the nebular shells in planetary nebulae in the bulge of the Milky Way and that this occurs during the early evolution of their central stars. Our findings, based upon a large, homogeneous sample, constitute the first unequivocal evidence that the nebular kinematics depend upon the evolutionary state of the central star for planetary nebulae in the Milky Way and are far clearer and more convincing than any previous results. Hence, there is now very clear evidence that this dependence occurs in at least two environments: the Magellanic Clouds and the bulge of the Milky Way. Given the differences in the stellar populations in these two environments, it is likely that the dependence of the nebular kinematics on the evolutionary state of central star is more general and that it occurs in all environments.
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